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After a long period of quiescence in 7 rays, blazar 0836+710 (4C +71.07) flared in the Spring of 
2011. We found only limited multiwavelength coverage of the source. An indication of correlated 
optical/7-ray variability is not surprising for a Flat Spectrum Radio Quasar (FSRQ) like this one. 
Radio observations at high frequencies, however, had seen a flare in 2010, well offset from possible 
7-ray activity. The 2011 7-ray activity comes during a period of rising radio emission, a pattern 
that has been seen since the EGRET era. 



INTRODUCTION 



The luminous high-redshift (z=2.218) quasar 
0836+710 (also known as S5 0836+71 or 4C +71.07) 
is characterized by a flat radio spectrum (a—— 0.33) 
[l[. It hosts a powerful one-sided radio jet emerging 
from the core and extending up to kiloparsec scales 
0. Very Long Baseline Interferometry (VLBI) im- 
ages of the source show a complex motion pattern, 
with one-sided jet components moving from apparent 
subluminal to superluminal velocities Monitor- 
ing with MOJAVE has shown apparent speeds up to 



Wapp = 25, with /3 



VIC, 



Ho = 71 kr 



Mpc 



O m = 0.27, 51a — 0.73 [4]). Internal structure of the 
jet in 0836+710 has been investigated at 1.6 and 5 
GHz using observations with the VLBI Space Obser- 
vatory Programme (VSOP) [3, showing details of the 
curved jet. VLBA observations also suggest a spine- 
sheath structure for the jet of this source jfl. See 
also the MOJAVE [23] and Boston University sum- 
mary web pages for this blazar. Blazar 0836+710 was 
also subjected to several X-ray studies and multiwave- 
length modeling to understand how X-ray emission is 
produced and the relationship between X-ray emission 
and other bands 041) ■ 



*on behalf of the Fermi LAT Collaboration 

t on behalf of the F-GAMMA Collaboration, 

http: / / www. mpifr-bonn. mpg.de / div /vlbi/ fgamma/ fgamma.html 



II. GAMMA-RAY OBSERVATIONS 



In the 1990's this blazar was detected and shown 
to be variable by EGRET on the Compton Gamma 
Ray Observatory (CGRO) at 100 MeV 7-ray energies 
[Tof, with the name in the Third EGRET Catalog 
3EG J0845+7049 [11]. Data from other CGRO in- 
struments, BATSE, OSSE, and COMPTEL at lower 
7-ray energies [IH, [l3| showed that the peak of the 
Spectral Energy Distribution (SED) falls in the MeV 
energy range. A new era in 7-ray astrophysics be- 
gan with the launch of the Fermi Gamma-ray Space 
Telescope (Fermi) in June, 2008. This source was 
not bright enough to be included in the Fermi Large 
Area Telescope (LAT) Bright Source List Q; how- 
ever, it was associated with 1FGLJ0842. 2+7054 in the 
First LAT Catalog (1FGL, [Hj]) and first LAT Active 
Galactic Nuclei (AGN) Catalog (1LAC, QJ]. Regu- 
lar 7-ray monitoring by Fermi-LAT showed that the 
source was not active until recently. An exceptional 
outburst from the source on 2011 April 3 was noted 
by the Ferrm-LAT 17J. Preliminary analysis of ob- 
served 7-ray flare indicated that 0836+710 was in a 



bright state with an average daily flux of FE>iooMeV — 
(1.2+0.3) xl0~ 6 photons cm~ 2 s _1 . The reported flux 
is an order of magnitude greater than the average flux 
value in the 1FGL catalog. Its 2FGL name is 2FGL 
J0841. 6+7052 [18j . Its 7-ray spectrum is steep, with 
a photon power-law index of 2.95+0.07 in 2FGL. 
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FIG. 1: The 0836+710 SED shown is from the early Planck results 20]. During the simultaneous 2010 observations of 
Planck and Fermi (shown in red, along with other simultaneous observations), the 7-ray flux was not strong enough to 
produce a good energy spectrum. Historical results (gray) show that this blazar has its synchrotron and Compton peaks 
at relatively low frequencies. The dotted lines are second-order polynomial fits to the two components of the SED. 



III. SPECTRAL ENERGY DISTRIBUTION 

Simultaneous or near-simultaneous SEDs of many 
Active Galactic Nuclei, including 0836+710, were re- 
cently constructed from the Planck Early Release 
Compact Source Catalog (ERCSC) [20], using a wide 
range of ground-based and space-based observatories, 
including Swift (optical/ultraviolet/X-ray) and Fermi. 
The result for 0836+710 is shown in Figure 1, with si- 
multaneous observations shown in red and historical 
data in gray. The Planck scan for this figure began 
on 2010 March 17. During the 2-month interval cen- 
tered on this scan, the detailed energy spectrum of the 
blazar was not measurable by Fermi-LAT (shown as 
upper limits), because it was still in its quiescent state. 
The well-known double peak spectra for blazars is seen 
in the historical data, and the second order polyno- 
mial fits to the low-frequency (synchrotron) peak and 
high-frequency (inverse Compton) peak are shown as 
dotted lines. 

In the absence of a strong detection in the Fermi 
-LAT band during this quiescent period and the lack 



of broadband simultaneous coverage at times when 
the 7-ray emission was detectable, we chose not to 
attempt a physical model of the SED for this early 
analysis. Modeling should be more practical when re- 
sults from later observations are available (see below) . 



IV. FERMI-LAT ANALYSIS 

The Fermi-LAT data (E>100 MeV) considered for 
this analysis cover the period from 2008 August 4 to 
2011 July 4. Only "diffuse" LAT events, those likely to 
be photons, were used. To avoid contamination from 
the 7-ray-bright Earth limb, the selection of events 
with zenith angle <105° was applied. The data anal- 
ysis was performed with the standard analysis tool 
gtlike, along with standard Galactic and isotropic dif- 
fuse radiation models, all provided with the Fermi- 
LAT Science Tools package (v9r23pl)[Hj]. The In- 
strument Response Functions (IRF) P6_V3_DIFFUSE 
were used. We restricted the analysis to a region 
of interest centered on the source and a radius of 
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10°. The source model includes point sources from 
the 1FGL catalog [l5|, a component for the Galac- 
tic diffuse emission (gll_iem_v02.fit), and an isotropic 
component (isotropicJem_vo2.txt) that represents the 
extragalactic diffuse emission as well as residual back- 
ground, largely from mis-identified cosmic-ray parti- 
cles. 

Despite the short, bright 7-ray flare in April, 
0836+710 was too faint in most of the LAT data for 
detailed studies on short time scales. We chose, there- 
fore, to concentrate on the long-term behavior. In the 
top panel of Figure 2, the source variability is shown 
by producing a light curve with 4-week time binning 
and at E>100 MeV, starting with the beginning of 
Fermi science operations. Because this is a known 
source, we calculated flux values for all bins with a 
Test Statistic (TS) greater than 4, where TS = 2A 
log(likelihood) between models with and without the 
source. As the figure shows, all the bins exceeded this 
level, indicating that 0836+710 has a continual low- 
level emission of 7 radiation. The 7-ray light curve 
shows three broad peaks of emission, centered on MJD 
54875 (2009 February), 55360 (2010 June), and 55660 
(2011 April). No significant variation in the shape of 
the 7-ray energy spectrum was seen during the obser- 
vations, although the uncertainties are large for these 
low-level detections. 



V. LONG TERM MULTIWAVELENGTH 
LIGHT CURVE 

Although 0836+710 is monitored regularly by radio 
telescopes, its coverage at other wavelengths has been 
fairly sparse in recent years. Figure 2 summarizes the 
long-term flux history of the source, anchored in the 
top panel by the results from Fermi-LAT and in the 
bottom two panels by the large F-GAMMA (Fermi- 
GST AGN Multi-frequency Monitoring Alliance) ra- 
dio data program [211 ] . 

Contributions to this multiwavelength light curve, 
in addition to the LAT 7-ray results, are: 

• Second panel: Swift X-Ray Telescope observa- 
tions are taken from the Swift team automated 
monitoring program for Fermi sources 26], with 
manual checks on the results near the time of 
LAT flaring. 

• Third panel: Swift Ultraviolet/Optical Tele- 
scope observations have been made sporadically 
in the U, B, and V bands. We analyzed the pub- 
lic data using the standard tools from the Swift 
Center of HEASARC^. 

• Fourth panel: R-band optical data come from 
the blazar monitoring program of the Abastu- 
mani Observatory, reduced using their standard 
software. 



• Fifth panel: High radio frequency radio data, 
from the F-GAMMA collaboration, come from 
the Instituto de Radio Astronoma Milimetrica 
(IRAM) 30-m telescope (142 and 86 GHz) and 
the Effelsberg 100-m telescope (42, 32, and 23 
GHz). 

• Sixth panel: Lower radio frequency radio data, 
also from the F-GAMMA collaboration using 
the Effelsberg telescope. 

Key features of the long-term light curves: 

1. The coverage is sparse except for 7 rays and 
radio; therefore the emphasis is on long-term 
rather than short-term correlations. 

2. The Swift X-ray Telescope observations show 
fading X-ray emission following the bright April 
2011 7-ray flare. Because the X-ray observa- 
tions were started after the short 7-ray flare, 
a detailed correlation of the time variability in 
these two bands was not feasible. 

3. The optical data indicate a correlation with 
the 7-ray flaring in both 2010 and 2011. The 
correlation establishes an identification of the 
7-ray source with 0836+710, but coverage is 
not good enough for a detailed cross-correlation 
analysis before the 2011 flare. 

4. The high-frequency (> 23 GHz) radio observa- 
tions also show strong variability with up to a 
factor of 4 at mm-bands. Some features: 

a) There is a long-term increasing trend starting 
before the beginning of the LAT light curve 
and continuing throughout the overlapping 
observations. 

b) There are also 3 radio flares similar to those 
seen in 7 rays, although the cross-band relative 
timing and correspondence (1:1 correlation) is 
unclear at the moment. Quantitative analysis 
of the amplitudes, shapes, and time offsets 
should be possible in the near future. 

c) If the 2010 radio peak (-MJD 55275) is 
associated with the 7-ray peak that same year 
(~MJD 55360), then the radio would have to 
lead the 7-ray emission by a significant amount 
(months). The observed radio- 7-ray offset 
is even longer between the 2008 radio peak 
(~MJD 54700) and the 2009 7-ray maximum 
(~MJD 54875). Detailed correlation studies 
are in progress. 

d) The stronger 7-ray flaring activity in 2011 
(after MJD 55600) does appear to coincide with 
a rising flux in the radio, a pattern that has 
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FIG. 2: Long term multiwavelength light curve of 0836+710. See text for descriptions of the panels. 



been seen since the EGRET era, e.g. |22J. 

5. The lower-frequency radio bands do not exhibit 
any significant flaring activity. Except at the 
lowest (2.64 GHz) radio frequency, all the radio 
bands show a generally rising trend during most 
of the Fermi observations, at least through the 
middle of 2011. 

On Nov. 1, 2011, 0836+710 flared in 7 rays to a 



flux above 100 MeV greater than 3xl0 -6 photons 
cm s , nearly 40 times brighter than the average 
flux in the 2FGL catalog. The rise was a factor of 5 
in 24 hours or less. A follow-on paper to these pro- 
ceedings will incorporate these recent results. 
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